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layer by layer. Arriving at results of a �imilar unac
ceptable character from the consideration of the action 
of a diffuse interplanetary gas on the other members of 
the solar system, M. Hirn decides that matter exists 
only in a sporadic state in space; only in the state of 
distinct bodies-stars, satellites, meteorites, and the 
like. It exists in a state of extreme diffusion only in 
nebulre, but elsewhere space is perfectly empty, or, at 
least, whatever remains cannot suffice to explain the 
relations of stars to stars. 

[SCIENCE.] 

MAGNETIC STORMS AND THEIR ASTRONOMI
CAL EFFECTS. 

THE earth if> sometimes spoken of as a great magnet. 
Its magnetic condition, however, is not constant, but 
varies within rather wide limits. Some of the changes 
are periodic, while others are spasmodic and irregular. 
The sunspot period appears to be in some way related 
to the changes in the earth's magnetic condition; for, 
at the time when the spots are at their maximum in 
number, the so-called magnetic storms are most fre
quent and violent. There is a general agreement 
among meteorologists that the magnetic changes ob
served upon the earth are in some obscure manner (lue 
to the influence of the sun. 

In meteorology, as elsewhere, when other explana
tions are unavailable, resource is found in electricity, 
especially so if electrical phenomena can be in some 
manner discovered to be involved; and this happens 
to be the case ill a very great number of phenomena, 
not as causes, but as effects. Not infrequently it hap
pens that some of the best known laws of electricity 
are ignored, or are confounded with other laws of 
other forms of energy. This seems to be precisely the 
case-in this phenomenon. 

In his article upon meteorology in the last edition of 
the" Encyclopredia Bri tannica," Balfour Stewart says, 
"We are thus driven to look to the upper regions of 
the earth's atmosphere as the most probable seat of 
the solar influence in producing diurnal magnetic 
changes; and it need hardly be said that the only con
ceivable cause capable of operating in such regions 
must be an electric current. Now, we know from our 
study of the aurora that there are currents in such 
regions, continuous near the pole, and occasional in 
ower latitudes." And yet a little further on he argues 

very properly that more knowledge seems to be needed 
before we can assert that there are currents of elec
tricity in regions where conduction il'! impossible. 

Now, a current of electricity always implies conduc
tion, and conduction implies molecular contact. We 
are abundantly' able to prove this; for with such 
vacua as can readily be produced, say the millionth of 
an atmosphere, not only will electricity not traverse 
it, but even Crookes' phenomena cease. At the height 
of one hundred mites, the average free path of the 
molecules is measured by feet; and this renders it as 
certain as anything we know in physics, that electri
cal currents are impos�ible there, and hence. whatever 
nay be the explanation of the magnetic changes in the 

earth, they are not due to currents of electricity in 
those high regions. 

Still the .earth is a magnet. It. has its poles, though 
these change their position. The bulk of the earth 
with which we are acquainted is made up of non·mag
netic matter, having varying degrees of conductivity ; 
the rocky part being very poor, while the oceans and 
noist soils are conductors to such a degree as to per

mit commercial use for telegraphic and other purposes, 
thus saving the cost of a return conductor. The larger 
part of the su rface of the earth is, then, an electrical 
cOll(lllctor. Whenever a conductor of electricity is 
rotated in a magnetic field, an electrical current is 
1 he result; and such current is maintained. so long as 
the rotation is continued, the strength of the current 
depending upon several variables-the strength of the 
11Iagnetic field, the degree of conductivity, and the 
rate of rotation. 

. 

That electrical currents are continually traversing 
the crust of the earth has been established, since the 
telephone has provided us with an instrulllent deli
cate enough for observation, and employed by so many 
all over the earth. 

To be sure, it was known before that earth currents 
were sometimes preeent, for upon occasions they were 
so strong as to interfere with or stop telegraphic com
munication. Such interruptions were generally coin
cident with auroral displays, but sometimes occurred 
in the daytime, when auroral effects could not be seen 
if they chanced to be present. As these earth cur
rents have been found to be coincident with both mag
netic disturbances and with spasmodic solar action
for several observers have noted solar eruptions at 
times when the magnetometers gave evidence of mag
netic chan�es in the field, and in one or two cases even 
determining that the rate of transmission of the sun's 
action was the same as that of light-it follows that 
the earth acts as if it were rotating in the magnetic 
field of the sun. 

If the sun be considered as a magnet, then its field 
extends to an indefinite distance in space, and the 
earth must be rotating in it; and, so far as the earth 
is a conductor, there should be currents in it; in fact, 
just what we discover. So far, the electricity is an 
effect, and not a cause, magnetism being the preceding 
physical state. 

A conductor moving in a magnetic field in such a 
manner as to have electrical currents generated in it 
al ways suffers retardation of its motion, as is illustrat
ed by letting a coin fall between the poles of a strong 
magnet-a property utilized in modern gal vanometers 
to bring the needle quickly to rest. Such currents are 
technically known as •• Foucault's currents," and the 
energy they represent is at once transformed into heat 
in the conductor. 

The electricity is but the transient state intermedi
ate between the retarded motion and the rise in tem
perature. 

This series of physical relations-viz., the rotation of 
a conductor in a magnetic field, the retardation of the 
motion, the electrical current, and the final transform
ation into heat of original energy of the mechanical 
motion-is a well ascertained series of effects, which is 
universal; and thus it follows that, so far as the earth 
has currents of electricity set up in it by the sun's ac
tion, so far it� r9tary motion is retarded, an.d also its 
temperature IS mcreased, both effects not hItherto re-

cognized, so far as I know. Of course, the retardation 
of motion is very small indeed, but it must be taking 
place, and in time will bring the earth to a standstill. 
What the amount may be there appears to be llO way 
of determining, because there is no way of ascertain
ing the strength of the earth's currents, nor the earth's 
resistance, nor the strength of the magnetic field of 
the sun. 

Furthermore, the retardation of other bodies in the 
solar system may be traced to the same physical con
ditions instead of frictional resistance of the ether, 
which has sometimes been hypothecated. 

Lastly, if the magnetic condition of the earth varies, 
it follows that the magnetic field of the earth varies, 
and all bodies in that field are reacted upon by it. 
The gases of the atmosphere at high altitudes have 
free paths comparable with those in Crookes' tubes, 
and might fairly be expected to exhibit similar 
phenomena if electrified and in changing magnetic 
tield. Their electrification need not be much of an as
sumption, when one considers what happens in a 
thunder shower. Rotating molecules, if conductors of 
electricity, ought to have Foucault's currents in them 
when in a magnetic field, and they should therefore be 
heated. As there is no chance for conduction of the 
heat, the rate of vibration increases till incandescence 
is reached. The only way in.which the molecule can 
unload its extra energy is by radiation. 

The motions seen in auroras may thus be due to the 
change� in the magnetic field of the earth instead of to 
electrical currents circulating in the high air. 

A. E. DOLBEAR. 
College Hill, Mass., April 23. 
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